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I. OUTLINE & THIS SYWBDY

A pefentli‘cally instrumented gpace vehicle capabdle of epproschivig
sigaificantly cloger to the sum then orbiting Favrth gatellites nppears »
feanible from & :echuclozfeal point of view ot the pregent time. The
rapid grc&tb of “he space gelences andd the eonmplructice of lerger and
lexger booster ::ckets leads pronise that both the feesibility sad '
deairabiligy of iuch vehicles will evolve considerably im the next few‘.
years. Por thesi: ressond, it seens useful to 2hink gerfcusly about
desirable experiresnts thet posglbly might be carried cut gbogrd such
a space craft, Ve heve iailtiated, with suppor” from NASA, /mes Research
Center, such a8 sfudy with particular caphesis on exporiments relative
to electromagneti{c radistion from the sun and the nature of the inter-

planetary mediu:. We have gjcf: eongidered fa detail the many interesting

experiments rel:utive to particles and figlds measuromeats pear the sum.

This choice vas =sde with the understanding that other groups were
congidering the garticles end fields euperimants esad does mot roflect
either leck of {rterest on our pazt or & fecling that thege experimants
ere less useful. Indeed, it getns imucdfately evidemt¢ that many of the
more interestin: experiments eboard such 8 opace eraft will tavolve
particles and 7i5lds meagurements.

This report is the cutgrowth of informsl discuscions elong the lines
mentioned above with various seientigts in the Boulder, Colorado commumity
1ntore§ted in s~ler, interplenctary and terrestrial atmogpheric phenomena.
Some of the dig:ussions were of a semimay type with stiong mﬂhu\w

perticipation and others were private. We have mot attompted to label sll
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ideas expressed nor criticisms of ideas with the names of particuler
individuals. Thus, this repoxrt has been influenced.by msny people, even
though, in most cases, they are unnsmed. The reapénaibility for accurate
reporting, however, liea solely with the authora.:; ’

The nature of owr discus'sic-m can be mm:ariz:ed by the following
questions which are indicetive of owr generzl approach to the subject: (1)
What expeviments would be useful to cevry cut from a gpace vehiele approaching
the sun from Barth? (2) What is the specific scientific purpese of these
experiments? (3) At what maximum distance from the sun do these experiments
offer enough improvement over similar experimente carried abcard orbiting
Earth Satelliteg to justify the added technical difficulties of approaching
near to the sun? (4) What are the general requirements of the space craft
for pointing accuracy and control?

The firat question led to a rather uncritical listing of experiments,

some of which could be immediately discarded when challenged by questions (2)

and (3). We have retained some of these eastly discarded experiments in

this report for the sake of completeness and future reference. In doing so,
we do not wish to imply that ouwr list is complete in auy sense. The list
represents simply those experiments that were of interest to some member

of the discussion group. The gecond question asks eesentially for a
scientific justification of & proposed experiwment in order to distinguish
the meritorious experfiuents from those that are suggested simply becauge
they become possible under the particular circumetances. The third queation
is difficult to znswer in many ceses and involves some knowledge of the

technical difficulties of performing such experiments, We have considered
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these difficulties only in crude terms, and becsuse of this limfitatiom
we have set the maximum distances in equally crude terms. The fourth
question is sfmilarly involved ia technology. We have included it because
it 15 relatively eaay to answer without knowing detaile of instrument
design, etc., and because it is helpfel in the planning of a solar probe
vehicle. We have specifically avoided detailed comsiderations of weight,
power and telemetry requirements. |

The discussion that follows i.a»uot {atended in any vay as a8 proposal
for support of specific space experiments. It is intended only as a guide

to those vho subsequently may wish to propose experiments.
I1. General Considerations

The scientists wish to ocbserve the sun and 1ts spece environment
from vantage points nearer to the sun than the orbit of Earth is prompted

by a desire to gein better physical understanding of the sun and its

An obgerving station nearer the sun would experience a
greater 'ilo’nsity of radiant flux from the sun snd would view a sun of
large sngular diameter. As & result, small features on the sun and faint
emissions would be relatively easifer to detect. Furthermore, the nature
of solar phenomenz is such that we cannot safely sssume that an cbserver
at Earth 48 capable of detecting all that transpires om or near the sun.
In particular, maguctic field comfigurations near the sun may change
markedly with little or no detectable change at the orbit of Earth; and
clouds of eolar plasma may be ejected from the sun in association with

many flares, or other solar phencmena, without ever producing an observed
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affect at the orbi: of Earth. Fimally, an observer at Earth can acquire
only very restricted observations of such phenomena as zodiecal light, the
F=corona and the asolar wind., Cbsarvations zt closer approaches to the sun
offer hope for graat improvements in the quality and quantity of dats
availsble for the atudy of such phenomena.

The sun {2 2n extended source rather than & point scurce, and the
advantages to be gained by 8 close appreach must be carefully comsideved.
A given focussing lens will fatervcept radiart flux io proportion o r°2,
where ¥ is the distance from the lens to the sun., The imsge formed, however,
increases in area in proportion to t“z with the result that the swface
intensity in the Ziwuge is constant. Thus, a spectrograph, for example,
with 2 given imaging system and 8 fixed alit thet 1s gsmaller thanm the solar
image will not expurience auy increzse in the flux passing through the
glit as r is changed. The ratio of image area to slit erea, however, will
increase in propoviion to r'z, and the spectrograph will gain im spatial
resolution of the solar imasge. On the other hand, if the gein in spatial
vesolution is saciificed by enlarging the entrance slit of the spectrograph
the flux received vill increzse in proporticn to e 2.

Lirear resoluticn on the sun Incregses inm propovtien to r'1 as v is
decreased., At g fiued distance from the sum, the thcoretical linesr
resolution i8 propcvtional to the dizmeter of the objective flux collector.
Thus, an approach to 0.1 AU, is eguivzlenl to increasing the dizmeter of
the flux collector at 1 A.U. by & factcr of 10, which results in &n increase

in flux collecting power by a factor of 102.
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We have arbitravily adopted this increase as the marginal value for
studies aimed at éucreased epatial resolution, 4{.e., the increased angular
regolution becomes 2 compelling factor when r < 0.1 AU,

Since the total flux received by a collector increasss in proportion
to r—z, a thecretical increzse in useful flux of a factor 102 is achieved
at 0.1 A.U. In omsny cases, however, this tctal inecrease ¢an not be
utiiized because of design problems. Again, we have set 0.1 A.U. as the
general marginal condition for studies vequiring greater flux levels.

Some notable exceptlons to this arbitrary condition will arise, however.

In setting the above limits, we vecognize that 4t is technologically
far more difficult to reach 0.1 A.U. than to reach 0.3 A.U., and that this
alone wmay offset th2> advantages gained by shorter distance from the sun.
We have not takesm this into consideration. Instead, we have proceeded under
the assumption that the difficulty of achieving a mejor reducticn in r is
roughly comparable ¢o increasing either flux cellecting power or the
sensitivity of flux detection by a factor of 102. A solar prcble at
0.3 A.U. would very definitely present atrong advantages in fncreased
spatial resolution on the sun and minimun obsexvable intensitiee. However,
it seems to uvs to be more realistic to attempt to achieve this seme gain
by increasing the flux gathering power of instruments abocavd Earth satellites
by a factor of 10,

A further advantage of a close sclar prcbe over an Earth satellite is
in the required aciurscy and stsbility of pointing. For example, a solar
feature such as a spicule or granule with 1" of are angular size at the

orbit of Earth subrends 3.3" of are at 0.3 AU, and 10" of axrc a2t 0.1 A U,
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The pointing accuracy and stability of the space vehicle required to
observe such features is therefore substantially less than at 1 A.U,
Agsin, the relative expense of this gesin must be weighed in terme of the
engineering difficulties, which we do not feel competent to judge. For
this resson, we have excluded from our study any consideration of
experiments deeigned primarily for achieving very high spatial resolution.
We have included sore exper{ments vhere merely "better" resolution is

deslred, however.
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ngral hydvogon L iuterplanetary space by searching for 2 narvow

absorption featuy . iv the solay suesivur sesr Lymen«0. For & siationsry
hylrogen pge, the shaovptlen s fn Toesosd would bave a doppler width

to casuned teomperatiwes of

197 &nd 167 °E, crspeciively. whe danth of rhe abezorpticn feature will

o

depend upon the a.sbher of neuviugl hydvogon 27ovs betwoen the probe and

. . s . 12
the sun. A devrerrion by chavi #.1 gould ocony if there were 3 x 10

neutral hydeogen stome dn the optiesl s20h frow probe to sun., At & probe

o

distence ¢f 1 A.U. ihis would covreszpond ©o on average nsutral hydrogen
. - . 3
density in dnterpieretary spuce of shoub .2 ger oun. (The abgorption

coofficient at lius

1.

czntey for Lyman-x is 0.36 u 10 for a tempevatuve
4 -13 S
of 10 °K and 6,19 x 10 for 2 ternoveture of 107 °K.)
This experiment would involve coade pointing towards the sun and a
gpoetral resoluticn of ebout (1A, This would not give sa accuvate profile

for the ebgovpticr zowponeat, bul would be suificlent to give the total

abrorption. A wesclution of 0.41 1s regquired for studieg of the absorption
ziunhble wew daia,

Plzpetary neuteal Wdvogea de moving outwards from the sun

of, say, 500 km/sec, the ghsorption line

a6 €0 the wiolet of the nreormal Lywan-0 line,

zn 2o absorption line. Thie peoint,
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together with comaen@s on the possible origins o? interplanmetary neutral
hydrogen are discussed in a8 subsequent section. ’

Measurements of the total abgorption in the.cOte of the direet solar
Lyman-0 line appesr to be possible snd would provide valuable data on
{nterplanetary hydrogen. If possible, enough spectral resolution to obtain
accurate profiles of the abgorption core should be utilfzed.

The data wculd be of interest over the entire flight path. The

probe should approach within 0.5 A.U. of the sun.
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B - Lymen-0y; Iutciplanetary scattering. (Suggested by Athay)

The purpose, 2gain, is to deternine the digtribution of neutral
hydrogen in interplanetery sypace by gzarching for Lyman-y emigsion produced
by scattering fr e neutral hydrogen stoms.

If we assuwic, for convenience, that weutral hydrogen 18 uniformly
dietributed 4n iuterplanetary space, the Lyman=¢ photon flux arieing at

& 90° angle to the gsun-probe line 1a (ace appendix)

9 -2 -1
8.3 x10 NH R/x, ¢a = sec = , 1)

and the flux arizing from a psint cpposite the sun

5.3 x 10° i, R/T, em 2 sec”? , (2)

where NH is the nurber of scattering aicms in 3 cubdc centimeier v 18 the
probe-gun distarc2 and R is the Ear:il-gun distance. A Lywmen-q photon
counter capsable of datecting 1 =x 109 vhotons per sec, would therefore be
able to detect at 1 A.U. an aversge N, > .12 looking at 90° to the sun-
probe line and anr average Nh 2> .2 loocking directly away from the sun.

if NH is pruportional to rl, the numerical coefficients in equations (1)
and (2) are reducad by factors of about 2 and 4, respectively, and NH is
redefined ag the azbient NB in the vicirdity of the probe (see appendix).
Obviously, NH cannst continue to increage towards the sun and the
approximetion thrt NH a r-l is intended only in the vicinity of the probe
and at greater diastances from the sun,

If there 18 enough neutral hydrogen in interplanetary space to be

observed ia this way, chengas in the emission with orientation of the

instrument ard wi:'h digtence from the sun should provide the nacessary
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data to determine concentrations and gradients of the neutral hydrogen.
The obaervations ueced only record the total flux in Lymae-t and preferably
should ecan across the plane of the ecliptic.

Measurements of Lymsn-cy exission gcattered by interplanetary nsutral
hydrogen appear to be scmewhat simpler ¢o carry out than measurements of
the centrsl absorption core in direct solar Lyman.o vadiation and would
provide essentiaily the same data, Again, studies of line profiles would
substantizally increase the value of the data. The profiles of the
scattered Lyman- line would be essentially the same as the profile of
the central absgorption core.

The probe shiould approach within 0.5 A.U. of the sum.
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¢ ~ Lymen-oj Covownl Blectron Seatievirg, {(Svggested by Glwan)
Electrone in the solor coreona vill sceiter the chivomusphevic Lyman-o
line, end, beecawwe of the high veloeity of the electrone, the line profile
of the gcattered light will be congiderably breader then in the normal

solar gpecirum., The purpose of thig ewperiment iz to provide a unique
P L 44 q

and accurate mausure of the corciual electron temperature by wmessuring

the profile of ihe scattered Lyman~ line, The sean Doppler velocity of
coronal electrong (assuming 1 x 106 °K) is 5500 tm/sec, which produces a
Noppler width in the profile of the zcattered Lymsn-0 line of 22 Angstroms.
A gpectrograph w;th 1 Angstrem resolution would give a sufficiently accurate
profile.

The flux of Lyman-¢i photons at the orbit e¢f Earth due to coronal

6 2

gcattering is 1.4 x 107 cm” sec°1. In ovder to obtain profile information,

this flux must be divided into sbout 10 bands, leaving an average flux of

5 2 -1

1.4 x 10° cm © gec ~ at the orbit of Earth.

The corcnzl flux is much less than the expected total flux due to inter-

planetary scattering., However, if the covona is imaged cn a photon counter
the counter can be shlelded from all interplanctary flux except that arising
in the solid angle subtended by the corona. This latter flux is comparable
to the coronal flux if the probe 18 at 1 A.U. and HH ~ 0.1. If the probe

is at 0.3 A.U., presurably the interplanctary flux decreases markedly &nd
the coronal flux {increases by a factor of about 10, At 0.1 A.U, the coronal
flux increasses by s factor of 102 cowpnred to the flux at 1 A U, and the
interplanetsry flux decresses grill further. Since the profile of the

cororal scattersd Lymen-0 {8 sbout 224 wide wherzas the profile of the !
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interplanetsry scartered Lyman- ig about 0.1A wide, the two components

could te separsted with rather crude spectroscopic resolution.

This would be 2 veluable experiment to carxy out. The advantage cf a

cloge aprroach to the sun, however, must be wetshed in tevxms of instrurental

capabilities and wiill depend somewhat upon the digtribution and density of

interplenetary neuviral hydrogen.
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D - Separation of F and K Corona. (Suggested by Athay)

The true golar covona (K-coroua) at sunspot maximiz: or near the solar
equator at sunspct minimum merges at about one radius aliocve the solar limd
with a false F-corona produced by forusrd scattering by interplanetary dust.
It 13 likely that the intésplanetary dugt is very tenuous near the sun and
relatively denser at greater distaucu#g, A solar probe -t 0.3 A.U. would
see an F-covona with an intensity veduced by at leasf a factor of 3.3 and
possibly by over & foctor of 10. A reduction by a factor of 3.3 in the
brightness of the F-corona would make it ccapavable with the brightness of
the K-corona (et the times and position indicated) at atcut two radii shove
the solar limb, and 8 reduction in the F.corora brightncss by a factor of
10 would make the two‘complrable in brightuess at distacces varying from
3-10 radii above the solar limb. Direct observations of the corona at
0.3 AU, will therefore show much more of the atructural detail of the
true Kecorona thzn will obzervatious at 1 A.U,

Interpretation ¢f available coronal data inm terns o7 the spatial and
theniaodynanic properties of the corona depends quite heevily on our abiliey
to soparate acsuvately the F and X compeoncnts of the govona. Chservations
could be made in -white light and would reguire edther imaging or scanning

of the corons,



wllu
E - 3-D Corcna.
22 Lorona
One of the major uneolved problows of the solsr simes Twre fg Che notua

of the spatial ‘rregularities in densivy gud tomperamture, 'The atvuckure

is complex, a2nd the proper interpyveteticn of specivcscopia dosa dep

U

ndz quite
critically on tihe precision with which the geome2iry can be speciiied. The
effective path length through which cmergent coronsl radiatice wripionates

is long compared to many individual features fa the covona. As & vesull,
many of these foatures are obgcurved by chince superposition and cver-legping
with other features,

The great :istance of the gun from Easrth mrkes {utevpratation of the
epatial configw atfon of any observed coronal structures difficult., For
example, 1t is 1.0t known whether the lcng equatorizl streameras of the corons
at sunspot ninirum form a continuous disk encircliag the sun or whether they
are descrete features like spokes radiating from a central hub.

1f we assune that 8 given streamer is 2 spoke-like structure we cannot
tell vhere it is anchored in relation to features on the solar disk without
forming a three dimensional coronal picture.

Simultaneous pictures of the corona made from twe pointe vhich subtend
an angle of aboui 10° or greater when viewed from the sun could be used to
construct three dimensional models of the corons that sre considerably superior
to models currerily available. The success of such a program depends
substantially or the spatial resolution of the pictures and on the angular

separation of the observing points.



One plcrure of & paiwy, of covree, cculd be chizinad Froan a witte 14ght

cororepreph abcavd sn oxbiting TRarth satollite cr from <he proved st @ tolal
golar eclirse. A similar inatrusent cboard a epace probz eould provide

a good second icture, Sipce the 3 e pai edaguate

angular sepave’ {on of the tvo obrerving points there 18 no pevitenlst

reagon for a ¢ ose appvoach to the sun.
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F - Zodlacal light aad F-Corona. {Suggested by Newkirk)

From the intensity 2od polarization of the zodiscal light and the
variation of these quantities with elongation angle from the swm it is
possible, in principle, to detemihe the gize distribution of particles
in the interplanetary medium, The interpretation of such observations ie
greatly complicated by the fact that not only the size distribution but
alao‘ the spatial distribution of thz scattering particles must be inferrved
from the observations. With so many parameters required to describe the
interplanetary dust it is not surprising that the observations lead to
smbiguous results. Observations of the zodiacal light or the F-corona
from & 'Close-In Sclar Observatory" as it slowly approached the sun
would be of inestimable value since the parsmeters of the ‘spatial. distribution
could be inferred directly from the observations,

Also by perf.om:l.ng such an experiment we might well be able to answer

the qmw & sphere of particle free space the sun has

carved -out of &géﬁn:planetary medium, Several researchers have
estimated that the solar system within the orbit of Venus is essentielly
free of interplanetary particles. Such measurements could not only answer
the direct question of what is the distribution of interplanetary msterial
in the fnner solar gystem, but would also shed light on the rather
intriguing problems of the dynamics of the interplanetary particles.

The instrumentation required to observe the intensity, the polarization,
and the directtion of polarization of the zodiscal light st representative
angles covering nearly the entire sky would be extremely simple. Only the

cone of approximately 20° half-angle centered om the sun would be excluded



«17-
from measurement in order to keep the optical gystem of photometer to

the simplest possible form. The sun shield of the satellite could be used

as 8 rather large occulting disk to prevent direct photospheric 1light

from striking any portion of the zodiacal light photometer, which would

be on the anti-golar side of the vehicle. The exact program by which

the zodfiacal light pho;;meter would scan the sky would, of course, depend
upon the type of satellite stabilization.

The accuracy with which the observations would be required would be
approximately one percent im relative intensity. To accomplish this
stability most simply 1t would be necessary to calibrate the photometer
on the attenuated radfatfon of the direct solar digk seen through the axis
of the satellite.

We make the, admittedly inexperienced, guess that a zodiacal light
photometer-polarimeter of approximately 2 or 3 fnch aperture and its associated
electronics would weigh approximately five to tenm pounds. Assuming that the
photometer were to examine the zodiacal light i{n 10° by 10° samples we find
that approximately 500 sampling positions in the sky would be required. With
3 pieces of data to an accuracy of one percent from each sampling position
we should need approximately 1.5 x 10s pieces of information while the
satellite is in & given position in the solar system. Under the additional
agsumption that data is desired from at least ten different locations in the
solar gystem from 1 A.U., to 0.3 A.U. approximately 2 x 106 pleces of
information would be required during the entire operation of the experiment.

The slightly different form of zodf{acal light photometry involved in

cbserving the F-coiona requires 4 more sophisticeted pilece of equipment but
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G ~ White Lipht Detecticn of Plassma Clouds. (Suggested by Athay)

A plaama clouwd ejected from the sun may coatsin esnough electrons to
give the cloud appreciable brightness in the vigsual spectrum arising from
scattering of sunlight. At an engular distance of 10° from the sun, a
plasma cloud in which the product of electron density, Ne’ and cloud
disneter, L, is 1015 cm'z would have about the same brightness as the

zodiacal light at the same elongation angle. This value of N‘L is

arrived at by extrapolaticn from the coronal brightnegs. At 0.5 radii

17 -2
cm

beyond the solar ‘limb, (N L) corona = 10 “, At 10* from the limb
e

the flux density of photospheric radiation is reduced by about 10'2 and

a4 cloud with NeL = 1015 cm'z could be about 10'4 as bright as the corona

at 0.5 radii. This is compardble to the brightrncss of tlié zodiacal 1ight.
A zodiazcal light photometer scanning across the plane of the ecliptic

ncer the gun would be capable of detecting such clouda. 1In this case there

i2 not so much advantage in @ close approach to the sun. On the other hand,

a zodiacal light or F-corona photometer would almost automstically detect

thege clouds 4f properly programmed.
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H - Rotation of Interplanetary Matter and Solar Wind. (Suggested by Billings)

The extent of the coupling between interplanetary material and the
rotating solar corona is of prime importance in both solar and iuterplanetary
physics. Near the sun the gas and magnetic field must rotate with the sun,
esgentially as a solid bedy. At scoe distance further out this solid
body rotation will break down and the motion of the gas end magnetic field
will be determined by other factors. The limit of solid body rotation msy
be different for the gas than it is for the magnetic field.

If there is no solar wind and no magretic field, the solid body rotastion
of the gas should break down in the region where the kinetic energy of
rotation equals the gravitational potential energy. If the wind is blowing
in the absence of a general magnetic field, the solid body rotation of the
gas will break down either when the expansion energy exceeds the potential
energy or when the expansion velccity becomes supersonic. The presence of
a magnetic field will significently alter these approximate criteria for
wotation of the gas if the magnetic field energy is comparable to either

the kinetic energy or gravitationsl potential energy. This is not likely
the case in the interplaretary medium. If we neglect both the solar
magnetic field and the eolar wind, the kinetic energy due to rotation is
equal to the gravitational potential energy at about 0.2 A.U. Using

)

Parker's mcdel of the solar wind, ve find that the kinetic energy of
expangion and gravitational potentlal energy are equal at sbout 0.1 A.U.
and the wind becones supersonic at about .025A.U. The latter two numbers

are uncertain to & rather lavge extent, The rotational velocities at

0.1 A.U, and 0.2 A.U. are 44 and 88 ka/sec, respectively.
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Both the speed and gradient of the solar wind are very sansitive
to the temperature structure of the corona. Hence, cbservations of the
speeds snd directions of motion of the solar wind perticles could give
valuable information on the thermal properties of the corona. It appears,
however, that unless a probe approaches within about .05 A.U. of the sun
relatively little inforwmation will be obteined in addition to that alresady
obtainable at 1 A.U.

The co-rotation of the solar magnetic field depends substantially upon
the nature of the solar wind as well as upon the solar and interstellar
magnetic fields. Axford, Dessler and Gottlieb(z) have recently suggested
that the solar magnetic field co-rotates with the sun out to about 50 A.U.,
wheress the gas co-rotation stops at about .05 A.U. If this i{s the case,

thefi‘fot too “miic i ' gained by mapping masgnetic field vector between

Earth and sun for solar gquiet periods unless distances within about .05 A.U.

of the sun are pogsible.
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I - Solar Neutrons. (Suggested by Todd}

It {8 probable that the cuter regions of the gun'e atmosphere can
produce emergetic neutrons capable of escaping the gravitational Zield
of the sun., At timeg of solar activity, protons with enexgies of a few
Mev up to hundreds of Hev are observed t§ emenate from thev sun. Such
protons will almosgt certaihly' undergo interactions with nuclei, causing
charge exchange scattering and producing f£ast neutrons. Other possible
interactions are nuclear disintegrations and evaporations (star-formation).
Star production im the golar coromna then can lead to neutrons of at least
10 Mev energy. A mechanism such as this indicates a strong dependence
of neutron production upon the eleven-year solar cyecle. It should also
be pointed out that neutrons produced at depths greater than 150 g/t:m2
will have a lsrge probability of absorption within the sun.

Several attempts to measure solar neutrons have been msde with negative
or ambiguous results and it ia clear that at a distance of one astronomical
unit the mumber of such neutrons cancot be large compared to the number of
neutrons in the earth's outer atmosphere arising from primary cosmic rays
and from albedo ptocesses.s's However, in the experiments thus far
accomplished, the neutrone produced in the atmosphere by cosmic rays and
by albedo processes undcubtedly mask the presence of solar neutrons. It
should further be pointed out that in the picduction processes mentioned
above the neutron gpectrum produced should be expected to be a power law
spectrum with appreciable production only at energies lower than, say, a
couple of hundred Mevs end probably with the production concentrated

primarily at energies of a few tens of Mevs and less.

<~ ,;k Ww»/w @TWM%/ v JMW
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A solexr probe traveling to within 0.3 A.U. of the sun preseats an
unprecedented opportunity for an experiment designed to detect and monitor
the solar neutrom epectrum. Since the likelihood is that the noutron
production is spprecisble only st the lower energies, an enhsncement in the
counting rate obtsined on such & satellite, in addition to the simple
1/!2 variation wvhich would enhance the solar msutron counting rate by a
factor of about 10, would be encountered due to the increased survival
probability of the lower enmergy meutrons at 0.3 A.U., from the sun, The
enhenced counting rate due to increased survival probability alone for
8 fev selected energics for a satellite at 0.3 A.U. is showm in Table I.
Additionally the background of nsutrcms in the outer atmospheres of the
earth uhich have plagued esrlier attempts to deteet solsr meutrons will
be attenuated by an additional J,IR2 factor (amounting in this case to a
decresse in the counting rate of telluric meutrons by a fector of about
108). Beutrons in interplanetsry space vhich belong to the primsry cosmic
ray flux will probably be small i{in mumber and aleo of exceedingly high
energy 8o that they will be of no importance as & background to the
experiment to detect solar neutrons.

The energy spectrum of neutrons in the viecinity of the earth is one
wvhich decreases rapidly with incressing energy, so that by far the grestest
number occur at snergies much legs than 1 Mev, ‘lheuforc. in gddition to
the attonuntion of the background by the 1/& fector, there will be & further
attenwetion of telluric background by a decay of the neutrons, leading to a
further decrease by at least a factor of the order of 104 for an ensrgy of

1 Mev and l.t)13 for an energy of 0.1 Mev.
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As a result of these verious factors, an experiment to detect solar
asutrons operating at a digtance of 0.3 A.U. from the sun would experience
a ratio of eolar neutrom count to background of the order of a factor of

1012 ¢o 1030

times better than that experienced by previous experiments in
balloons, rockets, and even low altitude satellites.

In gpite of the increased signal to background sdvantage to be enjoyed
by & neutron detector oo a satellite approaching close to the sum, it would
be déumbh to make the detector directicnal and to erramge for it to point
svey from the sun at least once i{n s vhile in order to demonstrate definitely
that neutrons sre coming from the sun. The directionality required of the
datector for this purpose is of a crude nsture only and pointing could be
correspondingly crude,

Tsble I

Neutron Survival Probability st 0.3 A.U. Reletive to that at 1.0 A.U,
(T = 13 mioutes)

Reutron Ener. Relstive Survival Probability
0.1 2.2 x 1013
1.0 1.5 x 10°
10 2.5
30 ’ 4.9
100 2.9

1000 1.6




J-0, Y., and x"l"ﬂ_!o
Ultraviolet end X-ray dota for the sun are still seriously lacking in

spatial resolution on the golgr disk and in the detection of faint fluxes.
Both of these probleoms could be substantially helped by a solar probe at
0.1 A.U. or closer. At the present, however, it seems more advantageous
to concentrate on the perfection of detectors end fmage formiag devices

than to expend ocwr energy in & close solar probe.
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K - Beckside Soler Activity.

From time to time it ig suggested that asctivity on the opposite side
of the sun can result i{n epergetic solar particles observed at Earth., While
such suggestions are not rere, they tend to become rarer, for & given
phenomena, as more data sre sccumulated. Hevertheless, it would be of
interest to sonitor activity on the side of the sun opposite Earth.

There doss not seem to be any eoupcllﬁs reason for a close approach to
the sun however.
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L - Radar Sounding of Corona,

Study of the solar corona snd solar activity by means of reflected
radar signsls holds promise of ylelding significant new informetion that
vill aid {n understanding these phenomens. Power requirements for the
trangnitter decrease markedly, and, to some extent, the information content
of the reflected signal increases, &s the distance from the transmitter
to the sun is decreased. Power requirements, however, seem to make this
experiment prohibitive at present. For this resson, we have not discussed

this question in detail.
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M - Faraday Rotation and Doppler Shift. (Suggested by Billings and Little)
The reception of @ radio signal of known initial polarizstion from

& transmitter on 2 solar probe would yield informetion on the magmetic

field and electron density of the intervening medium. The Doppler shift

of the signal, produced by phase shifts in local irregularities, in a
similar manner would indicate the extent of motions along the path of .tho
signsl. ‘In effect one would measure the integral of the magnetic field,
density distribution, or ordered motions over the path of the signal.
Superimpogsed upon this would be intrinsic time varistion in these parsmeters.
In fact, the locsl time variation may be short compared to the progress

of the probe in orbit. At ﬁut it 13 likely to be a difficult experiment

to interpret. One further difficulty in the uessuwrement of the Faradasy
rotation {8 introduced by the unknown coatribution to the polarigzation

of the signel in traensversing the fonsophere. 1t is well establighed that
there are frequent local variations of short periods in the fonosphere which
slter the polarization. Thus, a probe experiment designed to messure Paraday
rotastion in interplanetsry space would require simultaneocus messurements

of Faraday rotation in the ionogphere along the ssme ray trajectory.
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H « Bxeitation of Plagma Cceillaticn. (Swuegested by Little)

The eleetron demsity im the vicimity of & probe presumebly ecould be
determined by the excitstion of local plecmn osetllaticas. A swept low
fzequency radio signel transmitted from the probe would produce cscillstions
of the electroas irzediated by the signal. At the leocel plssma frequency
@ regonant oncillstion would occur and could be detected by suitable
civenitry, Thie technique provides & xelstively simple means of
detormining electzon densities in the vicinity of the prebe, but not so

close as to be infiuenced by the veohicle fteelf.
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O « Solar VLF Emiggion.

The possible existence of VLY emission in the solar atmosphere is of
i{mportance in solar physics and offers 8 possible additionsl means of
studying the solar atmosphere. A close soler probe, for example, might
detact "whigtler” type phenomena in the form of VIF emission trapped in
the sun's general magnetic field. This and other phenomena associated with
VLF euission would give velwsble information on the over-ali structure

of the solar atmosphere and the golsr magnetic field.
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P « Radio Spectrum Gredfemt. (Suggested by Lund)

The ‘pm-pon of thie oxperiment fa to provide clues to the emission
mechenism(s) for radio emission in the solar corons. This 1nforutioa is
necessary in order to be able to write correct souvrce functions for the
radiative transfer problem. 7

The knoun emission moechonisns produce radieally diffcrénc spectral
"signatures.” Theese specirs uay be distiagulshed by the slope of the
spectral power density with frequency. It is proposed to sample these
slopes at a number of discrete low frequencies down to the plasms frequency
corresponding to known electroa densities in the region between sun and
esxth,

Directionnl information is neceassary to isolate any cbserved emission
89 being of eolar origin. Since the frequency considerstion iatroduced
above requires antenna structures vhich are small compared to the weve-
length, directional ianformation must be derived frcm antenna response
minima, rather than mexima. JYmprovement of the gignsl-to-noise ratio by

placing the experiment close to the sun is clearly desirable.
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Q - Fields and Particles.

While we have not given detailed consideration tc the many fields
and particles experiments that sre suggested by a close solar probe, we
submit the following general remarlis. Solar events resulting in an
ejection of plasma clouds with embedded magnetic fields that penetrate
at least as far as the orbit of Barth are not infrequent. It seems very
probable that at distances from the sun of the order of 0.3 - 0.1 A.U.
such plasma-magnetic field events will be considerably more frequent
than at 1 A.U.

The solar mechaniom leading to the expulsion of energetic particles
and photons is not understood. Part of the difficulty in attempting to
interpret available data in terms of physical machanism is that events
that are otherwise very similar sometimes produce energetic particles
and sometimes do not. This forces us to conclude that we have not yet
discovered a really satisfactory link between the production of particles
of either high or low eaergy and other specific characteristics of related
solar events. DMany specific optical and radio characteristics of flares
have be:mn proposaed a8 being closely related to polar proton events. It
must De admitted, however, that none of these proposed relationships
purport to answer the besic question of just how the eriergetic particles
are accelerated and what specific relationship the ace~leration mechanism
has to the production of the related optical or radio avent. These
questions oust be answered, but thay cannot be until we now much more
concerning the total flare event, both in the electromagnetic and

particle spectrum.
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R - Gravitational Red Shift. (Suggested by Bender)

A further experiment to be considered for a low perigee solar
satellite is a measurcment of the slowing down of light going by the
sun. One version of the experiment would be to put a frequency standard
and a pulsed low threshold laser aboard the satellite. With a 10-4
radian beam aimed at the earth and a 0.1 jcule output this gives about
103 ‘photo..s/metcrz of collector in 10“7 sec and in less than a 1 X band-
width. This should be compared with fluctuations in scattered sunlight
near the limb in a roughly 10"8 sterradian solid angle for a comparable
time. Since the solar disk gives about 5 x 106 photons/meterz , in 1 &,
10"8 sterradians, and 10'7 sac, the fluctuations about 0.1 solar radius
from the limb should be small. The laser would flash perhaps every few
ninutes at times controlled by the satellite frequency standards and the
received pulses could be timed with respect to frequency standards on

7

the earth to better than 10 ‘ sec. Since the experimecat would take of

the order of a day and afrequency standard uncertainty of one part in

11 would glve a 10‘6 sec per day time uncertsainty, the major uncer-

10
tainties would probably be in the satellite frequency standard and in
the Imowledge of the satellite orbit,

For a satellite passing bechind the sun, the predicted time delay
due to light passing through the sun’s gravitational field is given by
the geneval theory of relativity (J. Weber, private cocmunication) as

At =@ (nr+R- 2D,

3
c
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vhere r and R are the distances of the satellite and carth from the sun
and D is distance of closest approach of the earth-sataellite line to the

center of the sun. The maximun rate of change of Lt vrcurs at the limb

and is

4 =2 1 4

dt @) c.’-} &3 dt ’
vhere R, is the golar radius. For a 0.3 A.U. perigee orbit, the result
is about ].O"5 sec per day on the first pass about &4 moaths after launch
and about 2 x 1,0'5 sec per day on another pass about Y months after
launch.

Another version of the experiment would be to have a transponder
aboard the satellite and measure the time directly. However, 10~7 sec
timing over more than 1 A.U. using conventional microwave commmications
systems scems difficult. Whether a laser transponder would be simpler
than a frequency standard aboard is hard to guess;

The importance of a fairly small perigee comes from the resulting
fagter passage behind the sun and thus lower stability requirements on
the frequency standard. Also, if the peripgee is near the 6rb:|.t: of Venus
or further out it will take two years or more for the vehicle to make
its first pass behind the sun. Two easy-to-analyz=e orbits are .t:hose
with periods 1.5 and 2.5 times shorter than the earth's. These put the
satellite at perigee one year after launch at solar distances of 0.53 and
0.09 A.U. and give rates of change for the time delay of about 25 microsec/

day and 150 microsce/day. The 0.53 A.U. perigee orbit would not be quite
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as guitable for the experiment as a closer orbit because of the smaller
number of passes per year but would be usable. If orbit uncertainties
arc small enough the predicted change in delay could ba checked to 5%

or better.
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Particles and field observations near the sun at the times of solar
flares hold promise of incrsasing greatly our lLnowledge of the flare
phenomenon. No cne can predict with certainty just how much we stand
to gain by such observations, but certainly this is a promising space
experiment with preat potential rsuzard.

For these experimeats, an appvoach to about 0.3 A.U. from the sun
wwald Be very vaiuable. An appreoach to 0.1 A.U. would be considerably

nore valuable, houevern,
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§ - Interstellar Wind. (Suggested by Warwick)

The sun's peculiar ootion relative to the nearby stars, land pre~
sumably relative to the galactic frumework, has a magnitude of about
20 lm/sec. Thus, interstellar pas, mostly neutral hydrogen, will sweep
past the sun in hyperbolic orbits corresponding to a velocity at infinity
of 20 lm/sec. Some of the hydrogen atoms will be ionized by the sun's
radiation and will be captured by the solar and interplanetary f£ields.
The average density of the gas, at infinity, is of the order of 1 hydrogen
atom per cm3. Both the concentration and velocity of the gas will increase
near the sun, however.

It is estimated (see next section) that at .05 A.U. the inter-

2 4

stellar demsity of neutral hydrogen gas may be as high as 10° - 10 en™3

and that the optical thiclmess in the interplanetary region might easily

exceed 0.1. If so, the interstellar wind should be detectable through

perihelion distance of 0.3 A.U. a ncutral hydrogen atom in the inter-

stellar wind would have a velocity of about 80 Im per sec. This could
produce a Doppler shift in the Lyman-alpha line observed in the direction

of motion of 0.32 A,
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IV - Condensed Sumary of Experiments and Evaluation

The following table countains a rough classification for cach of
the forepeing suggestions in termg of their scientific merit. Ve also
jnetude an indication of the desirable mawirun distance from the sun,
and a general indication of required pointing. In maliding the classifica-
tion cnd indicating maxivwa distances, we hrve paid little or no atteation
to eithor the difficuity of attaining & close approach or the difficulties
jmvolved in carrying out the suggested experiment given the necessary

vehiclo.
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Supnested Experiment Scientific
Herit
A - Lyman-X absorption
B - Lyman-X emission I
C - Lyman-Y corona I
D - F and K corona 11
E ~ 3-D corona I1
F - Zodiacal light I
G - White light plasma 11
clouds
II - Rotation & solar wind I
I - Heutrons
J - U.V. & x-ray II
K - Bacl:iside activity I1I
L - Radar sounding III
I - Paraday & Doppler III
N - Plasma oscillation II
0 - Solar VLF IX
P - Radio spectrun II
Q -~ PFiclds & particies I
R ~ Gravitaticnal Red—
C Shife— dlien of Laser {rom
S - Interstellar wind 111

Haxirumn Pointing
Sun-Probe and
Distance Dircction
.5 sun * 5°
1 sun * %°
3 sun * %°
1 sun * %°
.3 within 10°
of sun
1 saae as F
.05 noue
3 sun £ 10°
.1 sun * %°
1 noae
.1 ————
.3 ———-
] ————
1 ————
.3 ———-

Scan

none

180° altitude
sweep

none
none

none

sueep
alt. & az.

none

none
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V - Added Notes on Sugpested Experiments

A - The Absorption Core of Solar Lyman-alpha Produced in a Neutral

Cooponent of Interplanctary Ivdropen Gas.

Some of the physical properties of the interplanetery gas follow

fairly directly from general geophysical and astrophysical circumstances.
For example, the range in density valucg lies betwcen 1 cme and 103 cm‘3
proton-clectron pairs. The former value is the over-all density of matter
in interstellar space, and the latter, the Chapman value from nagnecic
storn data. A plausible density of necutral plus donized gas is then,

say, 102 cx:f3 at the earth's distance from the sun. If the gas originates
at the sun, with a velocity exceeding the escape velocity (e.g. the

golar wind), and moves at substantially constant speed v at the earth's
orbit, say at 1000 lm/sec, then the flux of atoms at distance x is

nv éurg + Q, a constant where n is number dengity. Taking o = 250 and

14 -
1 7 14 grans - sec L

v = 10° lm-sec™t at 1 AU., Q =6 x 10°/ sec™ L, or 10

With this simple model of the interplanctary gas, we can formulate
the problem of the absorption, by the neutral component of the gas, of
central regions of the chiromospheric Lyman-alpha line. The optical
depth Ts? at line center of the intevplanetary line, is

T

T, { ny ¥ dr

LEN

If the gas flowrs at an average velocity of 500 km-sec'l, the Lyman-

alpha line absorption (or cmission) will be shifted 2 & to the bluc of
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the chromospheric line. Since the chromospheric line is only about 1 A
uide we could observe the gas perhaps most casily by observing the inter-
planetary emission in the Lyman-alpha line.

On the other hand, if we assume that the density is constant (at
say n = 102), and the gas is stationary, we can find the way in vhich
reversal of Lyman-alpha would build up in the planetary system £s one
obscrves the sun from different distances. For example, this static
model would indicate the possible role of interstellar gas, incident as
neutral atoms onto the solar system, in determining che density of the
intarplanctary mediun. '

The absorption rate of Lyman-continuum photons by a neutral hydrogen
aton moving with velocities less than about 104 m/gec with respect to
the sun 1s given by %, Pc whore ¥, is the absorption coefficient in the
Lyman-continuum and P& is the Lyman~continuum photon fluz. Over the

18

first 100 R of the Lynan continuum, 5‘:_, ~ 5% 100 cm2 and Pc &6 x 109

-2

cn sec-l at the orbit of the ecarth. Thus, the absorption rate is
35 1078 gec”l.

The collisicnal ionization rate for a ncutral hydrogen atom depends
upon electron density and temperature. For an electren dengsity of 102

the collison rates are:

& 5
temperature 2 x 10% 5% 10 1x 10°
collisional ionization -10 -7 -5
7 % 10 1x10 2 x 10

rate sec"
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Near the orbit of earth we expect T < 5 x 104 and Ne = 102, so that
photoelectric ionizations predoninate somevhat over collisonal I
ionizations.

As ve approach the sun, clectron density, temperature and Lyman-
continuum flux demsity all increase. The Lyman-continuum flux density
increases in proportion to r‘z, ond electron density obeys essentially
the same law1 vp to about 0.1 A.U. Vithin 0.1 A.U. the electron density
-2

. .
and collisone will predomingte due to t

is
cffect alone. Also, the increase in temperature nearer the sun will
greatly increase the collisional ionization rate.

At 0.3 A.U., the temperature may be as high as .5-1 x 10°°K, in
which case collisional ionization rates probably exceecd photoionization
rates by factors of about 10-103 respectively.

A neutral hydrogen atom in the interplanetary systom at a distance
between .5 - 1 A.U. will have a lifetime for ionization of about .8 - 3 x 107
sec, or about 3 - 12 months, respectively. If it is moving at a speed of,
say, 20 lm per sec, it will travel a distance 1 - & A.U. during this time.
Fast moving atoms with perigee distance > .5 A.U., therefore, will have

a low probability for ionization by solar radiationm.

The ratio of ncutral, Nﬁ, to ionized, Np, hydrogen atoms is given by

Eﬂ = Xecombination rate

N ionization rate °
P
-12 -1 4., -14
The recombination vate is 5 x 10 Ne gee ~at 10 °Rand 8 x 10 Ne
sec™’ at 10°°K. TNear 1 A.U., then, we expoct N, =~ 10 and a recombination




w42~
rate of about 5 x 10-1% sec™}. Thus, RLCE: 107173 ¢ 1070 ~ 1073
and Nu =~ (.1, At 0.3 A.U., the recombination rate is about 8 x 10"11 sec"1

4

6. 2 x 10" . Thug,

and the collisional ionization rate about 2 x 10~
NH/Np N4 x 1070 - b x 107 ana N, ~ 4 x107° - & x 10.,1,.

The foregoing calculations assume that a given hydrogen atom rcmains
in the local enviromment sufficiently long to reach iorization equilibrium.
B'r:andt:9 has shown that this 4s probably not strictly tle case and that
diffusion transport may be important in the equilibriuwm. This may be con-
sidered as an additional uncertainty in the calculations, but this added
uncertainty is not lilely to change the order of magnitude of the pre-
dicted values of Nu

We now consider the problem of interatecllar gas flowing past the
sun. If this gas is ionized by the sun's u.v. flux, it then becomes
subject to the magnetic fields of interplanetary space and 18 in effect
captured by the solar system. The density of captured gas created in
this process may be estimated as follows:

The neutral hydrogen of the interctellar gas novec in a hyperbolic
orbit around the sun, with a relative velocity at infirity that can be
es timated to be 20 1:m~sec"1. The minimum distance an atom of the gas
would come to the sun if the above were not ionized en route is
r, L D2V2/ (G MD + G?‘Mz + DQVZ’] vhere D is the impact parameter of the
atonm. In a rough sense, the probability of ionization :an be computed

from the time t the atom spends at T, from the sun, t =7 ro/vperi vhere

v

peri i the speed of the atom at perihelion distance. ¢ = 'm:o/ ov/r ) =

o
2 * 2 ~
-m:O/DV. The ionizations per atom at distance r from th? sun per second
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are:
RZ L, % k¥ -hv /T
c . X B WX -h :
re [ f r e Zdee o
golid v ’ T ¢
angle

where Iv is the specific intensity, and Tr is the radiztion temperature
characterizing the solar Lyman continuum. The total nuaber of ioniza-

tions for an atom initialily wmoving with parometer D is

2]

e 14 -it H

. m?. R?‘ !fo"o ;‘Tr hJo/x:Tr
e

VD 2 h

t

and for this to be a 50 percent probability,

4 2 o - HE
1. 211"Z R2 1(’0)0 Ef_g e hvo/l'Tr
2 VD c2 h

1/2
which shaws that D1/2’ the impact parameter within which over 1/2 the
incident interstellar atoms are ionized, depends only ca the sun, and

the speed of the interstellar gas. If we set V = 20 km*sec-l, and choosge
Tr corresponding to a Lyman continuum photon f£lux of 6 109 photon (:m"2
sec™! at earth,

D = 0.3 AU,

1/2
Note that tQis computation ignores collisional ion .zation which is
inportant at this distance. Thus, D1/2 should be moved somewhat further
out, say,; D1/2 = (3.5 A.U.
The density of captured particles follows from an »stimate of the
rate of capturc in comparison with the rate of loss. I Ncor ig theiyr

density, vfher their thermal speed, and Rbor the radius of the corona
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within which the material accumulates, we cquatc

2 2
1\Icm: ther lm? or Hmr v D1/2

Vie used Dl /2 because the minimun distance of approach of an atom with
. 1 - ~
impact parameters D1 /2 is about 10 Ro = 50 r@). Since Vther v,

~ L ~ L
and R ~ 76 Pis2 ~ 16 Day2

N ~ 10

cor ¥ TINT
NINT ~1 cm’3 » averaged over large volumes of the Milky Way. In limited
reglons, Ny may go as high as 102 en3. Then

a2 b =3
Ncor 107 - 10" cm

over a sphere of radius 1/20 A.U. In order for the neutral hydrogen to
be observed as an absorption feature, we should have Ty =~ 1., If the

density of the interstellar component falls as 1/::2 from 1/20 A.U. out to
1 2 1 3940

1 A.U., then at Eﬂrthl% ~ 705 ¥ 107 =7; then LV 10057 1/16)] (at g
or T, = 0.4 {10 - -::"- 1. An effect of this magnitude =may therefore be
D

obgcervable, and suggests the desirability of a study of the variations of

the Lyman-alpha core with distance from the sun.
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B - Lyman-alpha Scattering by Interplanetary Hydrogen.

Lyman-alpha emission scattered by interplanetary hydrogen is illus-

trated by the following geometry:

If the photon flux density from the sun is £®, the flu: scattered into a

1 cm2 aperture at the probe by a volume 2'tra2 siwx d2 d: is
oma® siny do da By S oy gy,
4T a

vhere & is the angle between the direction to the scatzering volume and
the normal to the aperture and NH is the dronsity of ne:tral hydrogen.
For the case under consideration, we may assume that £. is uniformly
distributed over a bandwidth of 1 ﬁ, which is wide com:ared to the effec-
tive width of Q- We fuither assume that ¢ , is Gaussi.n and obtain

2

- i A - -15
[ a, tgdvadray o b= AN o 45=5%10

%o
The solar photon flux £, may be written

n
R‘-
by = by 3

-2 -
11 cm © eec 1 is the flux density at the orbit of Barth.

where 1@ = 2.7% 10
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l’
Thus, the total scattered flux, Lp , passing through the 1 em” aperture
at p is

-3 .2 /2 ,, sind cooX
Lp=1.4z.10 Pf‘:fg uﬂ—-———-—-ﬁdz & da

I.
=3.5% 10 % [° n da
0 d2

1

~

2 2 2 . X
At 90° to the probe-sun line, d° = r” - a” in a direction opposite the
sun d = N + a and in the direction of the sun d = r - a. If we take

N“ = constant, we obtain

4

4 ) - -4 P:- = 9 g 5
LP(QO ) =552 10 NII T 8.3 x 10 NH !

-4 R2

Q = » —— 3 - 9 3 -&

u
and

-[)

2
LP(O )=8=x=210 Nu " 1.2 z 10 NH =

The latter case I.p(0°) assumes that NH = ¢ inside 0.3 A.U.

1

If we take N, = d”*, we obtain

[ = 0 9 B
Lp(90 ) =5.3x%x 10 Nﬁ =

o = L’ 9 r:
Lp(lso ) = 2.7 % 10 rfl =

and

10 .0 R
.1 L) £ -
Lp(O ) =2.65 x 10 rﬁ =

vhere Nﬁ is the ambient density near the probe. Again ’ ,r:(0°) assumes

Nu = (0 ingide 0.3 A.U.
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C - Coronal Electron Scattering of Lyman-alpha.

A cubiccentimeter of the lower corona "sees" a Lynman-alpha photon

16

flux of about 2r (R/R.)” L, ~7.5210 em”? scc"l, viere Ly 1s the photon

flux per cm2 and per scc at Earth. The Thompson scatt

25 cm2 and the coronal clectron density is

18 6.6 = 10°
Thus, the photon flux scattered by 1 cm3 ig about 15 p

The effective path length for a tangential ray th
corona is approzimately (2ﬂﬁgﬁ)1/2

')
scole height. Hence a 1 cn” tangential column scatter

per sec. Of these scattered photons, a fraction 3.6 =

2
photons per sec, will pass through a 1 cm™ aperture at
The flux of scattered Lyman-alpha photons from the ent

6 2

orbit of Barth is 1.4 10 en sec-l. The flux at O

ca gec” k.

The coronal scattered Lyman-alpha £luz oust be cc
interplanctary scattering from the same solid angle.
tended by the corona out to ZRO is 3 x 10-4 sterradiar
expressions for Lb(0°) must be corrected by a factor 1
at 1 A.U. we obtain

7
I.p(0°) = 1.4 = 107 N,

for Nﬂ = const and
7
o 4
LP(O ) = 3.1 x 10 Nh

1

for Ny = 4" for d 2 0.3 A.U. end N; = 0 d < 0.3 A.U.

a2ring crogs-section
S

about 3 x 10

ar sec.

zough the immer

=6 ox 1010, vhere I is the vertical

3 about 1012 photons

10-28

, or 3.6 ¢ 107
the orbit of Earth.

‘re corona at the

1 AU, 18 1.4 138

spared with the
“he gsolid angle sub-
. and the preceding

-3
2x 10 7. Thus,

If I-'(u?, 0.1, the

16
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interplanetary scattering from the direction of the s:n would be compar-
able to the coronal scattering observed at 1 AU, At 0.3 A.U. the coronal
gcattering would increase by a factor 10 and the inter nlanctary scatter-
ing would presumably disappear.

The mean Doppler velocity of coronmal electrons (. 3suming 106°K) is
5500 lm/sec, and the Doppler width of the scattered L:iman-alpha line
will be about 22 A. A spectrograph with 5 A rosoluti:n would give
reliable information on the line profile and would pe:iait a detemmination
of the electron temperature.

The profits of the interplmetary scattered Lymc: -alpha will pre-
sunably have a Doppler width of about 0.04 - 0.13 A ¢ 2 to thermal

Ve [
broadening at a temperature of 10 - 10”°K.
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